To advance autonomous radiological and nuclear (RN) search capabilities for countering nuclear threats, we have developed a series of plastic scintillators based on polystyrene loaded with high-Z material-triphenylbismuth, and a light-emitting molecule-2CZPN, displaying thermally activated delayed fluorescence (TADF). TADF-emitters can harvest 100% of the excitons produced in them through efficient reverse intersystem crossing at room temperature. This makes them an attractive class of materials for the development of low-cost plastic scintillators. Preliminary investigations explore the polymerization of styrene monomer mixed with different compositions of a standard fluorophore-9,10-diphenylanthracene, 2CZPN and triphenylbismuth, reveal the phase stability of the plastic scintillators. UV excitation experiments on scintillators show that they are blue emitting and could be potential candidates for gammaspectroscopy.
[6] Novel Organic Field Effect Transistor (OFET)-Based Photodetector for Radiation Detection
Xiaojia Jia [a,b] , Canek Fuentes-Hernandez [a,b] , Wen-Fang Chou [a,b] , Jacob Inman [c] , Nolan Hertel [c] and Bernard Kippelen 
Every Atom Counts: Elucidating the Fundamental Impact of Structural Change in Conjugated Polymers for Organic Photovoltaics
Chi Kin Lo ,
[a] Bhoj R. Gautam, [b] Philipp Selter, [c] Zilong Zheng, [a] Stefan D. Oosterhout, [d] Iordania Constantinou, [b,e] Robert Knitsch, [c] Rylan M.W.Wolfe, [a] Xueping Yi, [e] Jean-Luc Brédas, [a] Franky So, [e] Michael F. Toney, [d] Veaceslav Coropceanu, [a] Michael Ryan Hansen, [c] Kenan Gundogdu, [d] and John R. Reynolds [a] [10]
The Field-effect Electron Mobility of The Non-fullerene Acceptor ITIC Youngrak Park [a] , Canek Fuentes-Hernandez [a] , Xiaojia Jia [a] , Felipe A. Larrain [a] , Junxiang Zhang [b] , Seth R. Marder [b] , and Bernard Kippelen , has generated significant interest for its use in photoactive layers in high-performance polymer solar cells. We report on the fabrication and characterization of organic field-effect transistors using ITIC. These experiments yield average field-effect electron mobility value of 1.4 x 10 -2 cm 2 /Vs, which corresponds to one order of magnitude larger than those reported previously from space-charge limited current experiments and lower than previous reports using ambipolar OFETs. We believe that our results provide a better reference for the electron mobility of the non-fullerene acceptor ITIC using unipolar n-channel only devices.
Poster Session 1 [11] Structural Tuning of Charge Transport Properties in Dioxythiophene Polymers for Electrochemical Device Applications
Sandra L. Pittelli [a] , Melony Ochieng [a] , James Ponder [b] , Michel de Keersmaeker [a] , and John R. Reynolds [a] [a] School of Chemistry and Biochemistry, Georgia Institute of Technology, Atlanta, GA 30318 [b] Department of Chemistry, Imperial College of London, London, United Kingdom SW7 2AZ spittelli3@gatech.edu Abstract Conjugated, redox-active polymers are unique materials, as they can effectively transport both electronic and ionic charge. Because of this ability, they are being evaluated as active materials in electrochemical applications ranging from charge storage, to electrochromism, to sensors and bioelectronics. Our group has developed a family of soluble, and therefore printable, dioxythiophene-based polymers to suit these applications. To induce solubility, the polymers are functionalized with long hydrocarbon chains. Previously, it was thought that these side chains had little impact on the redox properties of the polymer; however recently, there has been more effort put towards understanding how these side chains can affect the material properties of the conjugated systems. While these side chains do not induce any redox functionality, they do influence polymer morphology and intermolecular interactions that can affect the polymer's redox properties. Here, we evaluate how choice of dioxythiophene repeat unit and the side chain substitution pattern affect the material properties such as conductivity, charge mobility, charge capacity, ion diffusion, and morphology, and how these properties can influence the performance of electrochemical devices. In addition to these properties, we will discuss how the nature of side chain and repeat unit govern the frontier molecular orbitals the polymer, which can be modeled by DFT calculations, and how this relates to the degree of twisting of the conjugated backbone and ultimately the redox properties of the material. The film morphology and molecular ordering is analyzed by both Atomic Force Microscopy on microscale and by Grazing-Incidence Wide-Angle X-Ray Scattering, which is a technique that provides information about intermolecular interactions in the film.
[12]
A reevaluation of emissive layer design for high performance blue-emitting organic light-emitting diodes from thermally activated delayed fluorescence Xiaoqing Zhang, [a] Canek Fuentes-Hernandez, [a] Yadong Zhang, [b] Matthew W. Cooper, [b] Stephen Barlow, [b] Seth R. Marder, [b] 
Abstract
Additive manufacturing has revolutionized product fabrication, showing promise in industries where customization is either advantageous or completely essential. As the technology has advanced beyond basic resin or thermoplastic prototyping, it is finding its place in niche areas where more specialized materials are required. Direct ink writing (DIW), also known as robocasting, is a form of additive manufacturing in which a paste-like ink is extruded through a nozzle to produce the desired geometry. This method makes it possible to print with customizable inks comprised of high volume percentages of powders or solid particulate (here termed "high-solids slurries"). The ability to manufacture such thick, paste-like inks has the potential to be valuable in industries involving pharmaceuticals, energetic materials, ceramics, and more. This work focuses on understanding the ways in which filler content, size, morphology, surface properties, as well as binder chemistry and viscosity affect the properties and performance of DIW inks. We focus on two primary modes of solidification -ultraviolet curing (UV) and solvent evaporation (SE). Formulations of bisphenol A glycerolate dimethacrylate (BisGMA) and triethylene glycol dimethacrylate (TEGDMA) as the UV binder system are compared to those from a polyvinylpyrrolidone (PVP) and methanol (MeOH) SE binder system, with glass spheres of varying sizes as the solid filler (diameters ranging from 9-170 µm). Rheological data from the base binders and inks of varying filler percentages is analyzed in conjunction with 3D printing flow test results and compared to basic print quality to evaluate the overall success of the high-solids slurries as DIW inks.
[16]
In 
Porous organic cage (POC) solids are porous materials made up of individual porous molecules held together by noncovalent forces. Chirality within POC materials can play an important role in controlling the crystalline assembly. For instance, a relatively low-cost synthesis route for POC crystals (CC3-racemic) synthesized from a racemic mixture of diaminocyclohexane and triformylbenzene has been demonstrated. This material has been reported to have improved sorption properties and stability relative to homochiral CC3 crystals. It is challenging to fully resolve the structure of this racemic crystal experimentally because only subtle differences exist between the racemic structure and the known crystal structure of homochiral CC3. Here we introduce an in silico prediction method to predict the structure of CC3-racemic. We first enumerate types of cage molecules that can be present in this material and establish their concentrations. A key observation from these calculations is that CC3-racemic is not made up of only CC3-R and CC3-S molecules; an additional class of heterochiral POCs is also present. By studying the packing energy of cage pairs in CC3-racemic, a lattice model representations of the racemic crystal is developed and used in MC simulations to assess the structure of extended crystals. By expanding the lattice model into atomic detail, fully detailed CC3-racemic crystal models are obtained. We show that these models are fully consistent with experimental powder XRD patterns of CC3-racemic, but that the resulting structures give insights into the packing of this interesting material that are not currently available from experiments alone. 
Deploying technology where control is limited, for example sub-micron scales or in space, can be a long, expensive process. On the other hand, engineering materials which utilize actuation mechanisms to self-assemble provides a means of rapid, mass production. Thin sheets are particularly suited for this type of design due to the preference to bend out-of-plane as opposed to stretching. By restricting folding to occur about specified edges called creasesmotivated by the ancient Japanese art of origami -success has been achieved at both the microscopic and macroscopic scales with various materials indicating a predominately scale-free theory. The allowed folding mechanisms, and hence paths between flat and deployed states, are entirely determined by the crease pattern. However, it is generally difficult to determine how many, if any, of these mechanisms exist as well as the shapes a given crease pattern can form. We investigate the entire class of periodically triangulated crease patterns. By relating the lattice symmetries of the system to the length preservation constraint of rigid origami folding, we show these patterns always exhibit two unique rigid folding mechanisms. As a result, any periodically triangulated crease pattern continually transforms between cylindrical sections with different radii and rotation axes. 
Future large-area electronic and photonic technologies will require the manufacturing of materials and devices at very high rates without sacrificing nanoscale control of structure and composition. Semiconductor nanowires can be produced with exquisite spatial control of composition and morphology using the vapor-liquid-solid (VLS) mechanism that, unfortunately, remains limited to very small manufacturing rates. Here, we introduce the Geode process to synthesize semiconductor nanowires at throughputs orders of magnitude beyond the state-of-the art. Central to the Geode process are sacrificial, porous-walled, seed particle-lined silica hollow microcapsules, whose interior surface serves as a high-surface area growth substrate. Hollow microcapsules protect the growing nanostructures, are produced with a scalable emulsion templating technique, and are compatible with large-scale chemical reactors. We will show how microcapsule structure and drying is influenced by silica nanoparticle type and concentration, emulsification parameters, and nanoparticle cross-linking agent. We will also demonstrate the synthesis of Si nanowires on the microcapsule interior.
Poster Session 1 product. But this characteristic benefits the glassy polyelectrolyte solid formation and the tensile strength and modulus of the material exhibit a catalyst concentration dependence. The solutions obtained by dissolving Cu catalyst containing polystyrene sulfonate in water also exhibit a color marker phenomenon based on the Cu(I) (brown-grey) or Cu(II) (bluegreen) state of the catalyst which can be a dissolved oxygen or temperature indicator.
[22]
Transition Studies of Thermoresponsive Polypeptides
Alyssa Blake [a,c] , Graham Parkinson [b,c] , and Paul S. Russo Abstract Stimuli-responsive core-shell particles can find many uses in drug delivery and separation applications. Materials such as silica polypeptide composite particles (PCPs), consisting of an inorganic colloidal silica core and an organic polypeptide shell, can be used as model systems for studying biological and physical particle interactions. The polypeptide shell is comprised of a homopolypeptide, poly (ε-carbobenzyloxy-L-lysine) (PCBL), which is known to exhibit a reversible coil-helix transition when dissolved as a pure polymer in m-cresol. Optical rotatory dispersion and a density and sound velocity meter were used to study the conformational transition of PCBL, tethered and untethered, to determine how tethering the polypeptide to a surface affected the transition from a random coil to alpha helix. The conjunction of these two methods allows a new way to monitor the transition and to calculate the helicity of the polypeptide during the transition. This will provide a better understanding of the polypeptide transition in differing environments, which can be applied to other systems used in drug delivery and separations.
[23]
Solving Materials' Small Data Problem with Dynamic Experimental Databases
Michael McBride [a] , Elsa Reichmanis [a,b, c] , and Martha A. Grover 
Abstract
The traditional paradigm in materials process optimization is energy-intensive and time consuming. Generally, single factor, trial-and-error based experimentation is used to screen a wide array of complex processing conditions and results are difficult to reproduce because of a lack of standardization due to the exploratory nature of the field. Thus, it is challenging to develop global, robust process-structure-property relationships to generate novel material formulations. Instead, informatics-based methodologies can leverage existing knowledge from the literature to guide high-throughput screening of promising candidate experimental conditions. In this work two case studies of applying materials informatics methodologies to polymer systems will be presented. In the first study, the impact of processing conditions on the organic field effect mobility of the semiconducting polymer, poly(3-hexylthiophene) (P3HT), will be presented. A database of over 200 devices was created to identify significant trends and to identify an optimal operating space. Both integer and categorical processing conditions resulting in mobility values exceeding 0.1 cm 2 /V-s were identified to reduce the dimensionality of the design space. This enabled the generation of new hypotheses for future high-throughput experimentation. In the second study, a database with over 140 entries quantifying the development of polypropylene and talc composites for high strength materials was created. However, this database suffered from inconsistent reporting of processing conditions. Varying thresholds of Young's Modulus were applied to identify the span of processing conditions that result in high strength composites. In both studies quantified analysis of all processing conditions has identified key design spaces to enable high through-put experimentation.
Poster Session 1 [24]
Engineering Polymer-Nanoparticle Systems Towards Sustainable Devices and Sensors Bailey Risteen [a] , Justin Zoppe [b] , Mohan Srinivasarao [c] , Paul Russo [c,d] , and Elsa Reichmanis 
Abstract
The future of organic electronics relies not only on the synthesis of new, high-performing polymers but also on engineering systems where the polymer structure and interactions can be controlled. Furthermore, there has been a push to incorporate renewable materials into device architectures for improved sustainability and recyclability. Here, we discuss efforts to utilize rodlike, bio-derived particles called cellulose nanocrystals (CNCs) and their liquid crystal phases in the design of polymer systems for device and sensor applications. First, CNCs were used to induce longrange order in a semiconducting polymer, poly[3-(potassium-4-butanoate) thiophene-2,5-diyl] (PPBT). When mixed with CNCs, PPBT was incorporated into the liquid crystal "template" to form ordered structures. The π−π interactions between polymer chains, which contribute considerably to the energetics of the semiconducting system, were directly influenced by the presence and packing of the liquid crystal phase. The results of this study led to exploring a temperature "switchable" liquid crystal system. The thermoresponsive polymer, poly(N-isopropylacrylamide) (PNIPAM) was grafted from the surface of CNCs via surface-initiated atom transfer radical polymerization (SI-ATRP). These PNIPAM-modified particles formed a liquid crystal phase at room temperature but when brought above the lower critical solution temperature of PNIPAM (~32°C), the sample became dark under crossed polarizers and the liquid crystal was switched "off". This "switchable" liquid crystal system could provide a basis for a sustainable sensor in smart packaging or other applications that require a response to temperature.
[25]
Molecularly-mixed composite membranes for advanced separation processes
Guanghui Zhu [a] , Fengyi Zhang [a] , Xunxiang Hu [b] , Guoyan Zhang [a] , Christopher W. Jones [a] , and Ryan P. Lively 
Abstract
Porous organic cages (POCs) are individual soluble, porous molecules. Compared to their extended framework counterparts, such as zeolites and metal-organic frameworks (MOFs), POCs offer the distinct advantage of solution processability. Moreover, when fabricated into mixed-matrix membranes (MMMs), the soluble POC molecules have the potential to exhibit intimate molecular-level mixing with the matrix polymer. In this work, we utilize vertex functionalized amorphous scrambled porous organic cages (ASPOCs) as membrane performance enhancers. The dispersion of ASPOC mixtures within a polymer matrix is visually probed using scanning electron microscopy (SEM), Raman imaging, and Energy Dispersive X-ray (EDX) mapping. Glass transition analysis suggests molecular-level mixing between the amorphous ASPOC cages and the polymer chains. Positron annihilation lifetime spectroscopy measurements reveal that the porosity of the molecularly-mixed cages is retained. A 340 % permeability increase was observed for N 2 , CO 2, and CH 4 in the molecularly-mixed ASPOC membranes compared to pure polymer membrane. Moreover, an apparent molecular sieving effect was observed for SF 6 , resulting in a 150 % increase in N 2 /SF 6 selectivity compared to the pure polymer membrane. The membranes were further examined in organic solvent nanofiltration experiments using a crossflow permeation approach and polystyrene oligomers as markers. The amorphous ASPOC membranes exhibited unprecedented performance with over 95 % rejection of polystyrene solutes with molecular weights ranging from 200 to 1800 Dalton. Overall, membranes based on non-particle forming ASPOC materials resulted in the homogeneous mixing between the ASPOC molecules and the polymer matrix, which resulted in significant increases in both membrane permeability and selectivity.
Poster Session 1 [26] Integrative Systems Biology Lab
Siarhei Hladyshau [a,b] , Anastasia Zhurikhina [a] , William Pilcher [a] , and Denis V Tsygankov [ [a] , Brian Schmatz [a] , and John R. Reynolds 
Abstract
An organic photovoltaic (OPV) is a type of solar cell that uses organic dyes, typically conjugated polymers, as the active component to produce electricity from sunlight. These devices have several potential advantages over siliconbased devices, such as -being lightweight, flexible, inexpensive, and easy to fabricate by roll-to-roll processing. Current OPV research focuses on tuning chemical structures and optimizing processing parameters to produce higher device power conversion efficiencies (PCE) (percentage of produced power to theoretical maximum). A primary area of research is the design of donor-acceptor (DA) polymers. Recent work by Graham et al. indicates that higher PCEs can be achieved by molecular (steric) control of fullerene-polymer interactions. In this work, it was hypothesized that better fullerene "docking" on the acceptor units facilitated the more efficient charge transfer from donor unit to acceptor unit to fullerene. Based on this work, we hypothesize that placement of less bulky side chains on the acceptor can lead to improved OPV performance. To explore the concept of fullerene "docking" on the acceptor unit, we looked at state-of-the-art OPV polymers and found that the high-performing polymer PCE-11 fit our "minimally substituted acceptor" hypothesis. PCE-11 is a high performing solar polymer, but unlike other solar polymers, its acceptor unit lacks sidechains. To test our hypothesis, analogs of PCE-11 were proposed utilizing minimally substituted versions of various acceptor units (methylated forms of isoindigo, TPD, and DPP). The debulking of the acceptor units is hypothesized to promote fullerene-acceptor unit interactions leading to improved device performance.
[29]
Strategic Design of Solution-Processable N-Channel Polymeric Semiconductors for Sustainable NextGeneration Electronic Technologies
Carolyn Buckley [a] , Simil Thomas [b] , Zhibo Yuan [b] , Jean-Luc Brédas [b] , Elsa Reichmanis 
Abstract
The development of semiconducting conjugated polymers for organic thin film transistors (OTFTs) has been the focus of intense research efforts for their key role in plastic electronics, as well as a vision of solution processability leading to reduced costs in device fabrication relative to their inorganic counterparts. The pursuit of high-performance nchannel (electron-transporting) polymer semiconductors vital to the development of robust low-cost organic integrated circuits has faced significant challenges, mainly for poor ambient operational stability and OTFT device performance lagging far behind that of p-channel organic semiconductors (OSCs). As an alternative to the ubiquitous donor-acceptor (DA) molecular design strategy, a novel conjugated n-channel copolymer has been fabricated using an all-acceptor (AA) unipolar approach. In order to further understand the impact of electron withdrawing moieties to conjugated polymer device performance and the utility of the AA molecular design, we have synthesized a new conjugated polymer, poly . In addition to developing a high-performance n-channel polymer, this study allowed for an investigation of structure-property
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[30]
2D COFs with Impactful Optoelectronic Properties
Raghunath R. Dasari [a] , Simil Thomas [a] , Rafal Zuzak [b] , Gaoqiang Wang [b] , Cameron Feriante [a] , Theodore Hicks [a] , Timothy Parker [a] , Jean-Luc Brédas [a] , Mike Crommie [b] , William Dichtel [c] , and Seth R. Marder Abstract Two-dimensional covalent organic frameworks (2D COFs) are crystalline and porous networks, which are being synthesized from the custom-designed organic linkers with periodic bonding in two orthogonal directions. The regular arrangement of the organic units and their linkage make COFs potential candidates for optoelectronic applications that depend on charge-transport. However, as synthesized COFs are multi-layer networks, as analogous to graphite, preparation of monolayer COFs would provide an opportunity to study the intrinsic properties of materials. Here, we show synthesis approaches to realize highly delocalized COFs that may exhibit potentially interesting charge-transport properties, as per the band structure calculations. We also present the synthesis of monolayer COF structures on a metal substrate. 
Abstract
We present new designs for fast and reversibly switchable redox-active devices using PEDOT:PSS both as a transparent electrode material and an interface film exploiting its capacitive properties. Thin PEDOT:PSS films have been incorporated in window-type purple-to-transmissive electrochromic devices and symmetric electrodes as part of charge storage devices. We reached a conductivity up to 2000 S cm -1 when post-treating PEDOT:PSS films using different (in)organic acids on different substrates, enough to reversibly switch multiple ECPs made in the Reynolds Group depending on the targeted application. We will demonstrate how the device construction, charge-balancing and electrode conductivity have an influence on the device performance focusing on switching speed and capacitive behavior. We combine our device design with a fundamental study of the mixed electron and ion transport processes occurring in the ECP films at the electrodes looking for links to electrode and device performance. Using these new device structures, we have developed an easy way to produce both electrochromic and charge storage devices using solution processable polymers and roll-to-roll compatible coating techniques.
Poster Session 2 [32]
Metallic-Type Transport in Polymers: Towards Establishing Structure/Property Interrelationships Hongmo Li [a] , Andre Zeumault [b] , David Valverde [b] , Stephen Barlow [b] , Yadong Zhang [b] , Seth Marder [b] , Carlos Silva [b] , and Natalie Stingelin 
Abstract
Current organic electronics research aims at exploiting the unique property matrix of "plastic" semiconductors, including their chemical tunability, straight-forward processability and mechanical flexibility, to create new applications. While much knowledge has been developed in the design of semiconducting/conducting conjugated organic materials, there are still immense opportunities to establish design guidelines for highly conductive macromolecular matters. The chemical versatility and the multitude of possibilities for "plastic" semiconductors to order over different length scales creates, however, a daunting task to establish comprehensive structure/processing/property interrelations. Here, we present a multidisciplinary approach towards a framework that should allow us to predict the structure/property interrelations of such systems by developing versatile processing methods for the assembly of organic materials with metallic-type transport. We will focus on poly(thiophene) derivatives as model systems, including poly[2,5-bis(3-tetradecylthiophen-2-yl)thieno[3,2-b]thiophene] (PBTTT), to gain insight into how the spatial arrangement, controlled through intercalation and co-crystal formation, affects charge transport. The detailed structural control that especially PBTTT and its oligomers provide, should allow us to develop a detailed picture of the complex electronic landscape that we will use to obtain deep understanding of the design of conducting "plastics".
[33]
Cosolvent processing of a low-solubility material for polymer:fullerene organic photovoltaics, and hyperspectral microscopy characterization Ian Pelse [a] , Jeff L. Hernandez [a] , Sebastian Engmann [b] , Lee J. Richter [b] , and John R. Reynolds 
This report covers the morphological development of an ambient processed polymer:fullerene blend system deposited via blade coating. The high molecular weight polymer DT-PDPP2T-TT, despite having dual large decyl-tetradecyl side chains on the DPP acceptor unit, exhibits remarkably low solubility in halogenated solvents like chloroform and 1,2-dichlorobenzene that are commonly used to dissolve and process similar polymers. As a result, several different cosolvents are able to induce ideal phase separation as the films solidify into a bulk-heterojunction (BHJ), leading to enhanced photovoltaic properties when integrated into a device. The emergence of isotropic nanofibrillar texture was seen in all cosolvent cast films, where 7.5% v of 1,2-dichlorobenzene (DCB), 1,8-diiodooctane (DIO), or diphenyl ether (DPE) was added to the chloroform host solvent. To understand the origin of these morphological changes as a result of the addition of cosolvent, real-time optical reflection and X-ray scattering methods were used to understand how the morphology evolves with time during coating. We find that all three cosolvents act as nucleating agents, which increases the nucleation density leading to reduced domain size and enhanced polymer crystallinity in thin films relative to films cast from chloroform alone. This results in a percolated bulk-heterojunction network that performs well with relatively thick films, making this system amenable to continuous roll-to-roll processing methods. Furthermore, we make use of hyperspectral microscopy, a novel technique to acquire spatially resolved absorption and fluorescence data on thin films, to confirm that chloroform-only cast films are strongly phase separated relative to the cosolvent cast films.
Poster Session 2 [34]
A fullerene derivative for solution-processed perovskite solar cells Federico Pulvirenti [a] , Thorsten Schultz [b] , Berthold Wegner [b,c] , Norbert Koch [b,c] , Henry J. Snaith [d] , Stephen Barlow [a] , and Seth R. Marder 
Abstract
Due to their optoelectronic properties and ease of processing, metal halide perovskites are an attractive class of materials for large scale, low-cost photovoltaic applications. The power conversion efficiencies (PCEs) of perovskite solar cells have soared from just 3.8% at their inception, to certified values of over 23% less than a decade later. One of the central challenges in pushing the photovoltaic performance of perovskite solar cells closer to the thermodynamic limit is eliminating non-radiative recombination pathways. These losses primarily occur because of trap-assisted recombination sites, most likely located at the interfaces between the charge selective contacts and the perovskite absorber. Fullerenes appear to be good candidates as electron-selective contacts, since they do not appear to induce a high density of defects responsible for charge recombination. However, fullerenes can be dissolved by solvents, such as DMF, from which the perovskite layer is usually cast. Here, we present an approach to limit dissolution of fullerenes and to prevent migration of dopants commonly used to increase the conductivity of such electron-transporting materials. We synthesized a thermally-oligomerizable fullerene derivative, PCBCB, which is solution processable but, after thermal treatment, is not dissolved by DMF. A smooth, thin and continuous electron-transporting layer can be obtained and can be n-doped, leading to an increase in conductivity of PCBCB by five orders of magnitude and an increase in PCE by 5%. Dopant diffusion studies are currently in progress. , Wen-Fang Chou [a,b] , Canek Fuentes-Hernandez [a,b] , Felipe A. Larrain [a,b] , Yi-Chien Chang [a,b] Bernard Kippelen [a,b] , Theo Hicks [a,c] , Junxiang Zhang [a,c] 
